Background: Rubber compounds are widely used in many applications because of the properties they exhibit. The physical and mechanical properties of these blends are sensitive to small variations in the amount of the individual polymers used. Thermogravimetry is currently gaining wide acceptance as a method for compositional analysis of vulcanizates. Knowledge of the relationship among thermal behavior of rubber compounds with their rheological properties is important for the assessment of the optimum process conditions to produce materials that have required properties. The correlation of rheological properties of rubber compounds based on natural rubber/ styrene-butadiene rubber with their thermal behavior has been assessed using thermogravimetry analysis. Thermogravimetric method permits the analysis to be completed in a short time and requires only a small sample. Results: Thermogravimetry derivative profile (DTG) of the uncured blends and their rheological properties were investigated. Differential derivative curves of uncured vulcanizate showed that the degradation of styrene-butadiene rubber takes place at a higher temperature than that of natural rubber. According to DTG curves, two useful factors were demonstrated. These factors were the peak height ratio of natural rubber/styrene-butadiene rubber and a new factor called 'normalized factor
Background
Thermogravimetry (TGA) and derivative thermogravimetry (DTG) methods have emerged as powerful thermoanalytical techniques to monitor physical and chemical changes in both natural and synthetic materials. TG-DTG analysis allows the analysis to be completed in a short time with small amount of sample [1] [2] [3] .
A standard tire formulation for trucks as well as cars is a physical blend of natural rubber/styrene-butadiene rubber (NR/SBR) or natural rubber/butadiene rubber (NR/BR) blends. Natural rubber and styrene/butadiene rubber have been blended for a long time for many purposes such as lowering the compound cost [4, 5] . A lot of studies have demonstrated the physico-mechanical properties of such blends [6, 7] .
The rheological and physico-mechanical properties of NR, BR, and SBR blends are sensitive to small variations in the amounts of individual polymers used. Thermogravimetric analysis has been employed extensively to identify the elastomeric compounds especially NR/BR, NR/ SBR, and NR/SBR/BR blends. Specifically, differential thermal gravimetric analysis (DTG) has a considerable value for estimating the basic composition of vulcanizates [8] [9] [10] [11] [12] [13] [14] [15] .
The DTG curves of samples are used as 'fingerprints' in the identification of many single elastomer or blends, finding that the peak height of the DTG curves is dependent on the amount of each elastomer in the blends [16] .
Taghvaei et al. analyzed the correlation of DTG peak height ratio with rheological and physico-mechanical properties of vulcanizate NR-BR blend and weight percent of BR, using thermogravimetric analysis [17] . We have recently investigated the correlation of the factor obtained by TG-DTG curve (h NR /h BR ) and aging time of selected NR/BR blend (60/40). The results have shown that the relationship between h NR /h BR of blends and aging time has been fitted to a polynomial equation type, with acceptable regration [18] .
Understanding and predicting of rheological and physicomechanical properties of rubber compounds are really a great challenge. In this work, the samples of tire treads formulation were made of NR-SBR blends of known composition. The relationship between peak height ratio with their rheological properties and weight percent SBR of vulcanized NR-SBR blends were studied using thermogravimetric analysis. In addition, the correlation of normalized factor with their rheological properties and weight percent of samples were studied using thermogravimetric analysis as well.
The most important advantages of these techniques are its easiness in use and its availability over a wide range of experimental conditions when compared with other rubber testing methods.
Methods

Materials
The material specifications and the recipe that is used for preparing the vulcanizate tire tread samples are given in Table 1 . The major end use of this formulation is in tire for passenger trucks and cars.
Apparatus
The compounds were prepared by a two-roll mill (6 × 18 in.; Wellshayang, Tainan, Taiwan). The mixing roller to speed ratio was 1.2:1.0 and the roller distance was 10 mm, which was gradually shortened to 5 mm. The molding conditions of rubber blends were determined from data 
Results and discussion
Rheological measurement
The rheological properties, such as the start of vulcanization scorch time (TS 2 ), optimum curing time (TC 90 ), cure rate index (CRI), minimum torque (ML), and maximum torque (MH) for different samples are shown in Table 2 . Some of these properties were considered to correlate to the factors obtained by the thermal behavior. Figure 1 shows TG-DTG curves for a blend with 50/50 ratio of NR/SBR. As shown in Figure 1 , an initial weight loss between 100 and 200°C is due to the volatilization of oil and any other low boiling point components. The next weight loss is due to the decomposition of NR at 383°C and SBR at 453°C. Obviously, when the environment is switched from nitrogen to air, oxygen reacts with carbon black and leads to the last weight loss. It was found that the degradation of NR takes place in a single step. Degradation of NR led to isoprene and dipentene and that of SBR led to a large number of products, like 4-vinyl cyclohexene, styrene, and methylbenzene. In the case of SBR, the degradation takes place in two stages. It was found as the SBR content increases, the DTG peak shifts to a higher temperature, indicating that the thermal stability of the samples was increased.
Thermogravimetric analysis
As a result, it is possible to distinguish NR, which decomposes mainly at lower temperatures, from SBR. However, NR has a little weight loss around SBR decomposition temperature [16] . It is well known that the DTG curves are generally more sensitive to slight differences in weight loss than that of the parent curve; therefore, they can be used to correlate the thermal behavior of blends to their rheological properties. According to the DTG curves, two useful factors were demonstrated: peak height ratio of NR/SBR (h NR /h SBR ) and a new factor called 'normalized factor
h NRx =h NR 100 h SBR 10Àx =h SBR 100 ' ( Table 3) .
As it has been observed from Figures 
Equation 2
). The correlation yielded a straight line with R 2 = 0.90 and 0.86. These can be expressed as follows:
This approach suggests an acceptable relation between rheological properties of rubber blends based on NR/ SBR with their thermal behavior, which can be represented by Equation 3 (Figures 7, 8 As shown in Figures 9 and 12 , the relationship between CRI with h NR /h SBR and normalized factor is not linear and it has been fitted to a polynomial equation type. In this case the precision obtained using polynomial equation (R 2 =0.90 and 0.93) is considerable. For those systems where the implemented process is analysis or any other method, the acceptance or rejection of measurements has nothing to do with tolerance percentages, but assessment can be done by following equation [19] :
It showed be noted that -% Relative error fewer than 10% will be accepted.
-% Relative error from 10% to 30% may be accepted, but it depends on the process type. -% Relative error more than 30% is not accepted.
During the measurements, a relative error of <10% were found for the TC 90 and CRI, and <20% for the TS 2 calculated from the structure-properties modeling techniques (Figures 7, 8, 9, 10, 11, 12) . The results shown in Tables 4, 5 , 6, 7, 8, 9 suggest that the rheological properties of the blends can be predicted by two useful factors and there is no significant difference between both calculated and experimental data. The accuracy and precision of the results have been statistically evaluated.
Because of the case study and repeatability of experiments, similar samples of BR 20 , BR 50 , and BR 80 were prepared, and the rheological properties of these rubber materials were measured. The results obtained from both experimental and the structure-properties modeling techniques shown in Tables 10 and 11 are in good agreement. The accuracy and precision of the results have been statistically evaluated using 'SPSS' software (Tables 12, 13, 14, 15, 16, 17) . In all cases, Pearson's correlation is more than 0.90 and the correlation is significant at the 0.05 level and indicative of the validity of the employed method.
Experimental
Sample preparation
Generally, base of tires compounds are unsaturated polymers that have been strengthened with carbon black and are vulcanized by sulfur system. Since any change in the formulations will influence the TG-DTG curves, all components of the samples were kept constant except the percentages of SBR in the NR/SBR blends. NR and SBR were mixed in varying compositions, between 0 and 100 phr. 
Thermogravimetric analysis
Thermogravimetric analysis of NR/SBR blends was carried out for uncured sample. The heating rate was kept at 20°C/min and continued from ambient temperature to 700°C. In all analysis, a nominal 15-mg uncured sample was used. Under nitrogen atmosphere, the samples were heated from 30°C up to 550°C to monitor the weight loss of volatile components. At 550°C, the gas flow was changed from nitrogen to air (flow rate of 10 mL/min) and heating continued until constant weight loss was achieved at 700°C. Weight loss of the sample was continuously measured as a function of the temperature. The total analysis time was approximately 35 min. 
Conclusions
From the present study of rubber blends based on NR/ SBR, a novel approach is reported to quantify rheological properties of rubber compounds using the structureproperties modeling techniques [calibration curve obtained by correlating the factors obtained by TGA-DTG graphs (h NR /h SBR − normalized factor) and rheological nature of samples]. It is well known that the degradation of SBR takes place at a higher temperature than that of NR. However, blends show a higher degradation temperature than NR. From the obtained results it can be concluded that in rubber compounds based on NR/SBR blends, when all components of the samples were kept constant except the percentages of SBR in the blends, the relation between factors obtained by TG-DTG profiles and rheological properties of rubber compounds has been fitted to a linear and polynomial equation. It is possible to predict rheological properties of blends using these equations by TG-DTG method by comparing real rheological properties of rubber compounds to those predicted by both calibration curves to test the accuracy of the thermogravimetric method. The study confirms the accuracy of TG-DTG technique for rapid prediction of rheological properties of rubber blends.
The precision of this method greatly depends on the starting material, condition of sample preparation, and rheological test methods, which for all samples should be the same.
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